When proteins extracted from longissimus dorsi muscles of Landrace and Berkshire at the finishing stage were compared by 2-DE, the Landrace demonstrated a quantitative increase in proteins related to slow skeletal muscle function, such as serum albumin precursor, troponin T (slow skeletal muscle; sTnT) and myoglobin. In contrast, the Berkshire exhibited comparatively elevated enzymes involved in metabolic pathways, fast skeletal muscle function, and energy production, such as heat shock 27-kDa protein (HSP27)-1, TnT (fast skeletal muscle; fTnT), muscle creatine kinase, phosphoglucomutase 1 (PGM1), triosephosphate isomerase (Tpi1) and adenylate kinase isoenzyme 1 (AK1). When compared to growing Berkshire, finishing Berkshire showed increased levels of aldehyde dehydrogenase 1 family, member L1 (ALDHL1), and muscle creatine kinase. In contrast, the growing Berkshire muscle had elevated levels of HSP27-1, sTnT, fTnT, serum albumin precursor, PGM1, AK1, and Tpi 1 as compared to the finishing Berkshire. The Landrace longissimus dorsi muscle may be composed of slower skeletal muscle, whereas Berkshire is composed of a faster skeletal muscle. The uniquely elevated quantities of proteins involved in skeletal muscle function, energy metabolism, and cytoskeleton function in the growing Berkshire indicate that these factors support growth and maintenance during the growing stage when compared with the finishing Berkshire.
Introduction
The lineage of a pig with superior growth and meat quality is maintained in a specific heritage. Various investigators have identified changes in protein expression caused by genetic polymorphisms that directly impact the growth and/or meat quality of pigs or mice [6] . Although data regarding pig muscle properties and meat quality with respect to age and body weight are quite limited, increases in age and body weight are generally considered to result a more potent meat color and higher muscle fat content [5] . Otherwise, Beta-2 adrenergic receptors (ARs) regulate glycogenolysis, lipolysis and proteolysis in muscle and fat tissues [19] . The factors that affect beta-2 AR function, such as genetic polymorphisms, are predicted to influence meat quality and other attributes [10] . The myogenin gene has been studied for its contribution to the generation of lean meat content of pigs and especially how myogenin polymorphisms affect this content [6] .
Among the very limited data gleaned from proteomics studies performed with pig tissue is a comparison between white and red muscle of embryonic and growing pigs [8] .
Generally, proteomic studies with 2-DE results in approximately 300-500 protein spots. Among these spots, comparative proteomics with proteins from white and red muscle indicated differences in the expression of only a few proteins: myoglobin, two slow-twitch isoforms of myosin light chain and two small heat shock proteins [15] .
To expand this field of knowledge, we investigated the differences in protein expression patterns in longissimus 
Protein identification via PMF and CAF-MALDI sequencing
Protein identification by PMF was performed as follows: Protein spots were enzymatically-digested in-gel with modified porcine trypsin in a manner similar to the method previously described by [22] . Target spots were cut from the gel and the gel pieces were washed with 50% acetonitrile to remove SDS, salt and staining dye, then dried to remove solvent, rehydrated with digestive solution containing trypsin (8-10 ng/μl), and then incubated for 8-10 hours at 37 o C.
The proteolysis reaction was terminated by adding 5 μl of 0.5% TFA. Tryptic peptides were recovered by combining the aqueous phases obtained from several extractions of gel pieces with 50% aqueous acetonitrile. After concentration, the peptide mixture was desalted using C18ZipTips (Millipore, USA) and eluted in 1-5 μl acetonitrile. An aliquot of this solution was mixed with an equal volume of a saturated solution of α-cyano-4-hydroxycinnamic acid in 50% aqueous acetonitrile, and 1 μl mixture was spotted onto a target plate.
Protein analysis via PMF was performed by an Ettan Chemically assisted fragmentation-MALDI (CAF-MALDI)
sequencing was performed as follows: Protein digestion was performed by the same method with PMF as described above. Additionally, the 4-sulfophenyl-isothiocyanate (SPITC; Sigma-Aldrich) reaction was performed as per [9] .
SPITC was dissolved at a final concentration of 10 mg/ml in 20 mM NaHCO3, pH 9. Data are expressed as mean±SD.
Results and Discussion
Protein expression differences in longissimus dorsi muscle between pig breeds Various pig breeds are different with respect to growth and meat quality based on genetic lineage and protein expression pattern [6] . To identify differences in protein expression patterns between different breeds, we comparatively analyzed proteins from the longissimus dorsi muscles between finishing Landrace and Berkshire breeds. The protein profiles of the longissimus dorsi muscle were analyzed by 2-DE via IEF and SDS-PAGE (Fig. 1) . The average number of spots in the gels after staining with colloidal CBB was approximately 450 for each pig breed. Intensities of almost all spots between finishing Landrace and Berkshire were similar; however, the intensity of a few spots was different between groups.
Spots exhibiting varied intensity by gel image analysis were selected as proteins differentially expressed between groups. However, we only accepted the spots that were of altered intensity in at least three of the four samples analyzed in each group (data not shown). We identified intensity changes in 29 spots between the protein repertoire of Landrace and Berkshire pig longissimus dorsi muscle tissue (Fig. 1) . By comparing protein quantity between the two breeds, we identified 10 spots that represented proteins either specifically expressed only in Landrace (SSP 4002 and 4101) or expressed at elevated levels in Landrace compared to Berkshire (SSP 4607, 4608, 5102, 5201, 5207, 5208, 5601, and observed about 450 spots (data not shown). We sought to select the spots that exhibit differential expression consistently between the two growth stages and identified 12 specific spots (Fig. 2) .
By comparing the protein expression in Berkshire according to growth stages, we found that the protein expressions of 9 of the 12 identified spots were elevated in the growing Berkshire versus finishing. We identify three spots, SSP 7110, 7111 and 7210, that were expressed more highly in the finishing pig. These proteins may be essential for initial growth of the Berkshire pig (Table 2) .
Self-organizing map clustering (SOM) was performed for analysis of expression pattern of the spots exhibiting specific changes according to breed and growth stages (data not 
Identification of proteins differentially expressed between breeds
We then sought to identify the protein spots with differential expressions between pig breeds by PMF and CAF-MALDI sequencing (Tables 3 and 4 Our analysis determined that the proteins specifically elevated in the Landrace muscle compared to the Berkshire muscle were: serum albumin precursor, sTnT (slow skeletal muscle troponin T), and myoglobin. Serum albumin, which is generated by the removal of 18 amino acids from serum albumin precursor, plays an essential role in maintaining os- motic pressure by distributing fluids between the intravascular compartments and body tissues [7] . Serum albumin is also a serum carrier via nonspecific interactions with hydrophobic steroid hormones, as well as being a transport protein for hemin and fatty acids [20] . Although the specific function of TnT has not yet been identified, it is known that it is a component of the troponin complex, which blocks muscle contraction by forming a troponin-tropomyosin complex. Among the ten TnT isoforms in pigs, eight isoforms are fast-type isoforms and the other two are slow-type isoforms [16] . Fast-type TnT isoforms (fTnT) are highly expressed in fast skeletal muscle, whereas slow-type isoforms (sTnT) are expressed at low levels in the fast skeletal muscle [26] . In bovine muscle, a large number of slow fibers in the muscle indicate elevated expression of sTnT, whereas a large number of fast fibers indicate elevated expression of fTnT [3] . Based on the data described above, the increased level Proteins that were expressed specifically in Berkshire pigs were HSP27-1, fTnT, muscle creatine kinase, phosphoglucomutase 1 (PGM1), triosephosphate isomerase (Tpi1) and adenylate kinase isoenzyme 1 (AK1). Small heat shock proteins (HSPs) are HSPs with molecular weights less than 30 kDa, and these HSPs are critical for the stress response and other physiological activations. HSP27 and αB-crystallin are components of small HSPs and act as regulators of cytoskeletal filaments such as microfilament and intermediate filament [12] . HSP27 is an inhibitor of actin polymerization, and this inhibitory activity is inhibited by phosporylation [2] . The fTnT protein is involved in contraction of skeletal muscle, as described above.
Although most of the energy in skeletal muscle is produced by mitochondrial ATPase activity, the consumed intermediates (ADP or AMP) do not reach the ATPase active site due to limited permeation of adenine nucleotide. If necessary, muscle creatine kinase can supply energy by inducing ATP production [24] . PGM1 is an enzyme that catalyzes the transformation of glucose-1-phosphate into glucose-6-phosphate or vice versa, and functions in the storage and degradation of glucose. Tpi1 is an enzyme that catalyzes the transformation of dihydroxyacetone phosphate (DHAP) into glycerolaldehyde-3-phosphate, and plays an essential role in the Embden-Meyerhof pathway (EMP). AK mediates the reaction ATP + AMP → 2ADP, and this family is a strongly conserved enzyme. The AK reaction is critical for adenine nucleotide metabolism and the phosphate-mediated transfer of chemical energy into bioenergy. AK1 is among the AK isoenzyemes discovered in mammals and is specifically expressed in skeletal muscle [23] . Lastly, spots 6101, 6104 and 6107 could not be identified.
These data indicate that the longissimus dorsi muscle of Protein expression elevated in the growing Berkshire pigs (60-70 kg) were heat shock 27 kDa protein (HSP27)-1, sTnT, fTnT, serum albumin precursor, PGM1, AK1 and Tpi1. These proteins aid in muscle function, as described above. In summary, the results from these studies suggest that the proteins elevated exclusively in the growing Berkshire pig promote functions related to growth and maintenance, such as fTnT and sTNT, as well as increased energy consumption and cytoskeleton maintenance. Additionally, the proteins expressed specifically in the finishing pig suggest that those muscles are specialized to support energy and reducing power.
Functional analysis of identified proteins
A total of 29 proteins differentially expressed between finishing Landrace and Berkshire pigs were identified. Among them, 11 proteins are known to have roles in metabolism and had the largest expression changes between two breeds (Fig. 3A) . We identified changes in expression of four isoforms of muscle creatine kinase and two isoforms of PGM1.
Contractile apparatus was discovered by all TnT isoforms.
Three serum albumin precursor proteins located in different positions were identified that have structural functions.
Additionally, one oxygen transporter and one defense protein were identified. In a previous study, [13] miscellaneous proteins. Protein expression changes, which were identical in both this and Hollungs' studies, were creatine kinase and Hsp27. Significantly, creatine kinase was detected in both studies in various isoforms.
A total of 12 proteins in this study were identified that are differentially expressed between growing and finishing Berkshire pigs. Among them, five proteins were related to metabolism and exhibited the largest changes in expression between the two age groups (Fig. 3B) . Contractile apparatus was discovered by all troponin T isoforms. One protein each had functions related to structure and defense. These results were entirely different from those of [13] .
